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MOISTURE SENSORS ON CONDUCTIVE 
SUBSTRATES 
This invention was made with at least partial government 
support under NSF contract No. ECS-0609064. The govem 
ment may have certain rights in this invention. 
TECHNICAL FIELD 
This document relates to the ?eld of electronic sensors and 
more particularly, to a new and improved moisture sensor and 
a method for making the same. 
BACKGROUND SECTION 
Moisture sensors are humidity-sensing capacitors. Various 
moisture sensors are known in the art including those found in 
US. Pat. Nos. 3,861,031, 5,075,667 and 5,027,077. 
Typically moisture sensors have a porous alpha-Al2O3 ?lm 
as a dielectric material with a conductive metal substrate as 
the bottom electrode and gold thin ?lm as the top electrode. 
While conductive glues provide a simple and cost effective 
means for attaching a lead to an electrode it has not been 
possible to connect a lead to the top electrode using conduc 
tive glues in prior art sensor designs. More speci?cally, typi 
cal conductive glues and conductive pastes have to be avoided 
because they trap moisture when they are on the porous 
surface of the active sensing area. This trapped moisture 
signi?cantly affects the sensors accuracy and response time 
for moisture levels of <—50o C. Dew Point. 
Disclosed in this document is a new and improved moisture 
sensor having a structure that allows the lead to be connected 
to the top electrode with conductive glue or paste, which is 
away from the porous surface of the active sensing area and 
located on a dense insulating layer to improve the overall 
performance of the sensor. 
SUMMARY SECTION 
A moisture sensor comprises a ?rst electrode (a conductive 
substrate) having a ?rst sensor portion and a ?rst terminal 
portion and a second electrode having a second sensorportion 
and a second terminal portion. The moisture sensor further 
includes a layer of porous sensing dielectric material sand 
wiched between the ?rst sensor portion and the second sensor 
portion. In addition the moisture sensor includes a layer of 
dense insulating material sandwiched between the ?rst termi 
nal portion and the second terminal portion. 
Still further describing the moisture sensor, a ?rst lead is 
connected to the ?rst terminal portion and a second lead is 
connected to the second terminal portion. A second lead is 
connected to the second terminal portion by a conductive 
adhesive. The ?rst lead is connected to the ?rst electrode in 
various ways. 
Further describing the moisture sensor, the second elec 
trode covers a step at a transition between the second sensor 
portion and the second terminal portion, which is created by 
depositing a layer of dense insulating material on the conduc 
tive substrate (?rst electrode). The ?rst electrode is made 
from a conductive substrate, which is one of the following: 
metals, heavily doped semiconductors, and the combination, 
for examples, aluminum, heavily doped silicon, and the Al/ Si 
combination. The second electrode is made from a material 
selected from the group consisting of a conductive metal ?lm, 
a conductive metal alloy, a conductive metal ?lm, a conduc 
tive metal alloy ?lm, a platinum ?lm, a palladium ?lm and a 
gold/titanium ?lm and a gold ?lm. The layer of porous dielec 
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tric material is made from porous alumina. Still further the 
layer of dense insulating material is made from a material 
selected from a group consisting of silicon nitride, silicon 
oxynitride, aluminum oxide, hafnium oxide, hafnium silicon 
oxide, hafnium silicon oxynitride, silicon dioxide and mix 
tures thereof. 
In one particularly useful embodiment the ?rst electrode is 
made of aluminum, the second electrode is made from gold 
?lm, the layer of porous dielectric material is porous alpha 
alumina and the layer of dense insulated material is dense 
silicon dioxide. 
A method of manufacturing a moisture sensor of the type 
described is also provided. The method includes the steps of 
depositing a layer of dense insulating material on a ?rst ter 
minal portion of the ?rst electrode (conductive substrate), 
providing a layer of porous dielectric material on a ?rst sensor 
portion of the ?rst electrode and depositing a second elec 
trode over the layer of dense insulating material and layer of 
porous dielectric material so as to produce a sensor assembly. 
The second electrode of the sensor assembly has a second 
sensor portion overlying the layer of porous dielectric mate 
rial and a second terminal portion overlying the layer of dense 
insulating material. 
The method further includes a step of connecting a ?rst 
lead to the ?rst terminal portion and a second lead to the 
second terminal portion. Conductive adhesive is utilized to 
connect the second lead to the second terminal portion. A ?rst 
lead is connected to the ?rst terminal portion in one of the 
three ways: (1) a conductive fastener such as a conductive 
screw through an aperture across the layer of dense insulating 
material and the ?rst terminal portion of the ?rst electrode; (2) 
a conductive adhesive, where a small portion of the dense 
insulating material is etched off to expose the conductive ?rst 
terminal portion to the conductive adhesive (no aperture is 
needed in this case); (3) a conductive adhesive directly con 
nected to the ?rst terminal portion from the bottom (no aper 
ture is needed in this case). 
In the following description there is shown and described a 
moisture sensor. As it should be realized, the moisture sensor 
is capable of other, different embodiments and its several 
details are capable of modi?cation in various, obvious 
aspects. Accordingly, the drawings and descriptions will be 
regarded as illustrative in nature and not as restrictive. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings incorporated herein and 
forming a part of the speci?cation, illustrate several aspects of 
the moisture sensor and together with the description serve to 
explain certain principles of the device. In the drawings: 
FIG. 1 is a schematic side elevational view of the moisture 
sensor (leads not shown); and 
FIG. 2 is a top plan view of the moisture sensor illustrated 
in FIG. 1. 
Reference will now be made in detail to the present pre 
ferred embodiment of the moisture sensor, as illustrated in the 
accompanying drawings. 
DETAILED DESCRIPTION SECTION 
Reference is now made to FIGS. 1 and 2 illustrating a new 
and improved moisture sensor 10. The moisture sensor 10 
includes a ?rst, bottom or base electrode 12 having a ?rst 
sensor portion 14 and a ?rst terminal portion 16. The ?rst 
electrode 12 may or may not include a step as illustrated. The 
moisture sensor 10 also includes a second or top electrode 18. 
The second electrode 18 has a second sensor portion 20 and a 
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second terminal portion 22. The second sensor portion 20 
overlies and is aligned with the ?rst sensor portion 14 while 
the second terminal portion 22 overlies and is aligned with the 
?rst terminal portion 16. A step-coverage 38 is provided in the 
second electrode 18 along a transition step line between the 
second sensor portion 20 and the second terminal portion 22. 
The transition step line is caused by deposition of a dense 
insulating material 26 on the conductive substrate (?rst elec 
trode) 12. 
A layer of porous (moisture sensing) dielectric material 24 
is provided sandwiched between the ?rst sensor portion 14 
and the second sensor portion 20. A layer of dense (non 
moisture sensing) insulating material 26 is provided on the 
?rst terminal portion 16 and partially sandwiched between 
the ?rst terminal portion and the second terminal portion 22. 
A ?rst lead 28 is connected to the ?rst terminal portion 16 
by means of one of the three ways: (1) a conductive fastener 
such as a conductive screw 30 threadedly received in an 
aperture 32 formed in the layer of insulating material 26 and 
the ?rst terminal portion 16 of the ?rst electrode 12; (2) a 
conductive adhesive 30, where a small portion of the insulat 
ing material 26 is etched off to expose the conductive ?rst 
terminal portion 1 6 to the conductive adhesive 3 0 (no aperture 
32 is needed in this case); (3) a conductive adhesive 30 
directly connected to the ?rst terminal portion 16 from the 
bottom (no aperture 32 is needed in this case). A second lead 
34 is connected to the second terminal portion 22 by means of 
a conductive adhesive 36. Here it should be noted that the 
second terminal portion 22 is narrower then the ?rst terminal 
portion 16 so as to allow the two leads 28, 34 to be properly 
connected side-by-side on one face of the sensor 10. 
In one particular useful embodiment, the ?rst electrode 12 
is made from an aluminum substrate, the second electrode 18 
is made from a thin gold ?lm, the layer of porous dielectric 
material 24 is porous alpha-alumina, and the layer of dense 
insulating material 26 is dense silicon dioxide. It should be 
appreciated, however, that other materials may utilize to 
make the sensor 10. For example, the second electrode 18 
may be made from a material selected from the group con 
sisting of a conductive metal ?lm, a conductive metal alloy 
?lm, a platinum ?lm, a palladium ?lm and a gold/titanium 
?lm. The gold/titanium ?lm comprises a gold ?lm deposited 
upon a very thin titanium layer that promotes adhesion 
between the gold and the dielectric layer. 
The layer of dense insulating material 26 may be made 
from a material selected from a group consisting of silicon 
nitride, silicon oxynitride, aluminum oxide, hafnium oxide, 
hafnium silicon oxide, hafnium silicon oxynitride, silicon 
dioxide and mixtures thereof. 
In the moisture sensor 10, it should be appreciated that the 
terminal portion 16 of the ?rst electrode 12 is covered with a 
layer of dense insulating material 26 that serves as a platform 
for the second terminal portion 22 of the top electrode 18. 
Because the terminal portion 22 is supported on a layer of 
dense insulating material 26 instead of a layer of porous 
dielectric material 24 as is the sensor portion 20, the second 
lead 34 may be connected to the terminal portion 22 using the 
conductive adhesive 36 without it adversely affecting the 
performance of the sensor. This is true as long as the capaci 
tance of the layer of dense insulating material 26 is much less 
than the base capacitance of the sensor portion consists of a 
?rst sensor portion 14, the porous sensing material 24, and a 
second sensor portion 20 in a dry ambient (<—50o C. dew 
point). For example, the capacitance of the dense insulating 
layer 26 should be 10% or less of the base capacitance of the 
sensor 10. Here it should be appreciated that the thickness of 
the layer of dense insulating material 26 is important. If it is 
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too thin the layer of dense insulating material 26 may not be 
able to survive the spark deposition which often is greater 
than 130V. If it is too thick the second electrode of thin gold 
?lm 18 may not be able to cover the side wall of the dense 
insulating material as necessary to connect the sensor portion 
20 with the terminal portion 22. Generally the layer of dense 
insulating material or dense silicon dioxide 26 should be of a 
thickness of between about 0.2 pm and about 10.0 pm. In one 
particularly useful embodiment the layer 26 has a thickness of 
between about 1.0 pm and about 2.0 pm. 
A method of manufacturing the moisture sensor 10 illus 
trated in FIGS. 1 and 2 may be generally described as follows. 
The method includes the steps of depositing a layer of dense 
insulating material 26 on a ?rst terminal portion 16 of a ?rst 
electrode 12, where the shape and size of the insulating mate 
rial 26 are de?ned. This is followed by forming a layer of 
porous dielectric material 24 on a ?rst sensor portion 14 of the 
?rst electrode. Finally a second electrode 18 is deposited over 
the layer of dense insulating material 26 and the layer of 
porous dielectric material 24 so as to produce a sensor assem 
bly wherein the second electrode has a second sensor portion 
20 overlying the layer of porous dielectric material and a 
second terminal portion 22 overlying the layer of dense insu 
lating material. 
The layer of dense insulating material 26 may be provided 
on the ?rst terminal portion 16 of the ?rst electrode 12 by any 
appropriate means including, for example, sputtering. The 
layer of porous dielectric material 24 may be provided on the 
?rst sensor portion 14 of the ?rst electrode 12 by any suitable 
means including, for example, anodic spark deposition. The 
second electrode 18 may be deposited over the layer of dense 
insulating material 26 and layer of porous dielectric material 
24 by any appropriate means including, for example, thermal 
evaporation. 
As noted above the ?rst lead 28 may be connected to the 
?rst terminal portion 16 by means of a fastener 30 that readily 
engages an aperture 32 previously drilled or formed in the 
?rst or bottom electrode 12. Typically the drilling of the ?rst 
electrode 12 takes place before providing either layer of dense 
insulating material or porous dielectric material on that elec 
trode. As also previously noted the second lead 34 is con 
nected to the second terminal portion 22 by a conductive 
adhesive of a type known in the art such as manufactured by 
Resinlab LLC of Gerrnantown, Wis. and sold under the 
Trademark Resinlab SEC1233. 
EXAMPLE 
An aluminum substrate with a rectangular shape was used. 
A small hole was drilled on the aluminum substrate, which 
would be used for the bottom electrode connection. A dense 
silicon dioxide layer of approximately 1.2-1.5 m was depos 
ited using RF sputtering on one side of the aluminum sub 
strate. Next anodic spark deposition was carried out to form a 
porous alpha-alumina layer on the part of the aluminum sub 
strate that was not covered with the dense silicon dioxide. A 
thin gold ?lm of approximately 50 nm in thickness was then 
thermally evaporated onto the sensor area (porous alpha 
alumina area) as well as the dense silicon dioxide area with a 
shape as illustrated in FIG. 2. The sensor was then connected 
with a conductive wire using conductive glue and the bottom 
electrode was connected to a conductive wire using a small 
conductive screw. 
Currently most solid-state moisture sensors on the market 
use porous amorphous-or y-AlZO3 ?lms, formed by anodiza 
tion in sulfuric acid solution. TheseAlZO3 ?lm sensors exhibit 
long-term drift of calibration curves. Even the commercial 
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aluminum oxide moisture sensors have to be calibrated twice 
a year to assure their accuracy and to be stored in a very dry 
environment. It is very inconvenient for users. It is well 
known that alpha-alumina or 0t-A1203 (sapphire) is a very 
stable phase. (X-Al203 moisture sensors of the type described 
in detail in this document should have great commercial 
potential to replace the current y-AlZO3 sensors on the market. 
Advantageously the present moisture sensor 10 may be 
constructed in an inexpensive and cost effective manner, 
using conductive adhesive for the connection of either or both 
leads, and may perform reliably for extended periods of time 
between calibrations. The moisture sensor 10 has a number of 
applications including but not limited to use of dew point 
sensors as utilized in dew point measurement instruments. 
Moisture sensors are also extensively used in industrial pro 
cessing and environmental control. For example, moisture 
monitoring is needed for manufacturing of integrated circuits 
in the semiconductor industry and also has applications in the 
compressed air industry. 
The foregoing description of a preferred embodiment of 
the moisture sensor 10 has been presented for purposes of 
illustration and description. The description is not intended to 
be exhaustive. Obvious modi?cations or variations of the 
moisture sensor are possible in light of the above teachings. 
All such modi?cations and variations are within the scope of 
the invention as determined by the appended claims when 
interpreted in accordance with the breadth to which they are 
fairly, legally and equitably entitled. 
What is claimed: 
1. A moisture sensor, comprising; 
a ?rst electrode, having a ?rst sensor portion and a ?rst 
terminal portion; 
a layer of porous dielectric material deposited on said ?rst 
sensor portion; 
a layer of dense insulating material deposited on said ?rst 
terminal portion; and 
a second electrode having a second sensor portion and a 
second terminal portion wherein the second sensor por 
tion is deposited on the porous dielectric material, and 
the second terminal portion is deposited on the layer of 
dense insulating material. 
2. The sensor of claim 1 further including a ?rst lead 
connected to said ?rst terminal portion and a second lead 
connected to said second terminal portion. 
3. The sensor of claim 2 wherein said second lead is con 
nected to said second terminal portion by a conductive adhe 
sive. 
4. The sensor of claim 3, wherein said ?rst terminal portion 
includes an aperture and said ?rst lead is connected to said 
?rst terminal portion by a fastener secured in said aperture. 
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5. The sensor of claim 1, wherein said second electrode 
includes a step between said second sensor portion and said 
second terminal portion. 
6. The sensor of claim 1, wherein said ?rst electrode is 
made from aluminum. 
7. The sensor of claim 1, wherein said second electrode is 
made from a material selected from a group consisting of a 
conductive metal ?lm, a conductive metal alloy ?lm, a gold 
?lm, a platinum ?lm, a palladium ?lm and a gold/titanium 
?lm. 
8. The sensor of claim 1, wherein said layer of dielectric 
material is made from porous alpha-alumina. 
9. The sensor of claim 1, wherein said layer of insulating 
material is made from a material selected from a group con 
sisting of silicon nitride, silicon oxynitride, aluminum oxide, 
hafnium oxide, hafnium silicon oxide, hafnium silicon oxyni 
tride, silicon dioxide and mixtures thereof. 
10. The sensor of claim 1, wherein said ?rst electrode is 
made of aluminum, said second electrode is made from gold 
?lm, said layer of dielectric material is porous alpha alumina 
and said layer of insulating material is dense silicon dioxide. 
11. The sensor of claim 1 wherein said layer of insulating 
material has a thickness of between about 0.2 pm and about 
10.0 m. 
12. The sensor of claim 1 wherein said layer of insulating 
material has a thickness of between 1.0 pm and about 2.0 pm. 
13. A method of manufacturing a moisture sensor compris 
ing: 
depositing a layer of insulating material on a ?rst terminal 
portion of a ?rst electrode; 
providing a layer of dielectric material on a ?rst sensor 
portion of said ?rst electrode; 
depositing a second electrode over said layer of insulating 
material and said layer of dielectric material so as to 
produce a sensor assembly wherein said second elec 
trode has a second sensor portion overlying said layer of 
dielectric material and a second terminal portion over 
lying said layer of insulating material. 
14. The method of claim 13 further including connecting a 
?rst lead to said ?rst terminal portion and a second lead to said 
second terminal portion. 
15. The method of claim 14, including using a conductive 
adhesive to connect said second lead to said second terminal 
portion. 
16. The method of claim 15, further including providing an 
aperture in said ?rst terminal portion before providing said 
insulating layer on said ?rst terminal portion. 
17. The method of claim 16, further including connecting 
said ?rst lead to said ?rst terminal portion by securing a 
fastener in said aperture in said ?rst terminal portion. 
* * * * * 
